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Strong rocks sustain ancient postorogenic topography in southern Africa 
Abstract 
The Cape Mountains of southern Africa exhibit an alpine-like topography in conjunction with some of the 
lowest denudation rates in the world. This presents an exception to the often-cited coupling of 
topography and denudation rates and suggests that steep slopes alone are not sufficient to incite the high 
denudation rates with which they are commonly associated. Within the Cape Mountains, slope angles are 
often in excess of 30° and relief frequently exceeds 1 km, yet 10Be-based catchment-averaged 
denudation rates vary between 2.32 ± 0.29 m/m.y. and 7.95 ± 0.90 m/m.y. We attribute the maintenance 
of rugged topography and suppression of denudation rates primarily to the presence of physically robust 
and chemically inert quartzites that constitute the backbone of the mountains. 10Be-based bedrock 
denudation rates on the interfluves of the mountains vary between 1.98 ± 0.23 m/m.y. and 4.61 ± 0.53 m/
m.y. The close agreement between the rates of catchment-averaged and interfluve denudation indicates 
topography in steady state. These low denudation rates, in conjunction with the suggestion of 
geomorphic stability, are in agreement with the low denudation rates (/m.y.) estimated for southern Africa 
during the late Cenozoic by means of cosmogenic nuclide, thermochronology, and offshore 
sedimentation analyses. Accumulatively, these data suggest that the coastal hinterland of the 
subcontinent may have experienced relative tectonic stability throughout the Cenozoic. 
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ABSTRACT 13 
The Cape Mountains of southern Africa exhibit an alpine-like topography in 14 
conjunction with some of the lowest denudation rates in the world. This presents an 15 
exception to the often-cited coupling of topography and denudation rates and suggests 16 
that steep slopes alone are not sufficient to incite the high denudation rates with which 17 
they are commonly associated. Within the Cape Mountains, slope angles are often in 18 
excess of 30° and relief frequently exceeds 1 km, yet 10Be-based catchment-averaged 19 
denudation rates vary between 2.32 ± 0.29 m/m.y. and 7.95 ± 0.90 m/m.y. We attribute 20 
the maintenance of rugged topography and suppression of denudation rates primarily to 21 
the presence of physically robust and chemically inert quartzites that constitute the 22 
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backbone of the mountains. 10Be-based bedrock denudation rates on the interfluves of the 23 
mountains vary between 1.98 ± 0.23 m/m.y. and 4.61 ± 0.53 m/m.y. The close agreement 24 
between the rates of catchment-averaged and interfluve denudation indicates topography 25 
in steady-state. These low denudation rates, in conjunction with the suggestion of 26 
geomorphic stability, are in agreement with the low denudation rates (<20 m/m.y.) 27 
estimated for southern Africa during the late-Cenozoic by means of cosmogenic nuclide, 28 
thermochronology, and offshore sedimentation analyses. Accumulatively, these data 29 
suggest that the coastal hinterland of the subcontinent may have experienced relative 30 
tectonic stability throughout the Cenozoic. 31 
INTRODUCTION 32 
Quantitative modeling, geochronology and field-based analyses have frequently 33 
demonstrated a strong correlation between high relief, steep channels, and active 34 
tectonics (Montgomery and Brandon, 2002; Wobus et al., 2006). Supporting and 35 
extending this view, 10Be-derived denudation rates across more than 1100 catchments 36 
worldwide indicate that tectonic regime and mean slope are the best predictors of 37 
denudation rate (Portenga and Bierman, 2011). This relationship is defined by a linear 38 
slope-denudation rate function in subdued topographies, and transitions to a nonlinear 39 
function at high slope angles characteristic of active orogens (DiBiase et al., 2010). 40 
Hillslopes which continue to steepen will ultimately come to rest at the angle of internal 41 
friction, dictated by the slope rock mass strength, while denudation rates continue to 42 
increase through frequent landsliding triggered by seismicity and high precipitation 43 
(Hovius et al., 2000; Montgomery and Brandon, 2002). 44 
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We present a salient case that challenges the often noted and sometimes merely 45 
inferred coupling between topography and tectonics: a relict postorogenic landscape 46 
bearing the relief and steepness of tectonically-active orogens but which yields some of 47 
the lowest 10Be-based denudation rates known. The Cape Mountains stand up to ~2.3 km 48 
in elevation outboard of southern Africa’s Great Escarpment (Fig. 1; Fig. DR1 in the 49 
GSA Data Repository1), and constitute an outstanding demonstration that rugged 50 
topography alone is not sufficient to incite high denudation rates. 51 
What is the cause of this incongruent combination of rugged topography and very 52 
low denudation rates? The persistence of high relief in postorogenic mountain belts has 53 
fuelled a lengthy debate in geomorphology, with various explanations invoking isostatic 54 
response of a thick crustal root (Stephenson, 1984; Young, 1989), surface processes that 55 
preserve relief (Baldwin et al., 2003; Jansen et al., 2010; and references therein), and 56 
postorogenic uplift driven by mantle dynamics (Hack, 1982; Pazzaglia and Gardner, 57 
1994). The latter mechanism involving a mantle ‘superswell’ has been argued for 58 
southern Africa (Lithgow-Bertelloni and Silver, 1998), though remains in dispute 59 
(Doucouré and de Wit, 2003; de Wit, 2007) and does not satisfactorily address the issue 60 
of the longevity of postorogenic topography in Africa. 61 
A distinctive, but little considered aspect of postorogenic mountain belts is the 62 
prevalence of lithologies with high rock-mass strength, especially where quartzites and 63 
crystalline rocks have been deeply exhumed (Jansen et al., 2010). In their discussion of 64 
the interplay between tectonics and rock-fracture, Molnar et al. (2007) emphasize the 65 
crucial role of the latter in preconditioning tectonically-active terrain to rapid denudation. 66 
Conversely, relatively stable regions not subject to this tectonic ‘crusher’ bear potentially 67 
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intact rocks that resist erosion. We focus on this issue with an example highlighting the 68 
key factors that sustain high relief in ancient mountain belts worldwide. 69 
THE CAPE MOUNTAINS 70 
The Cape Mountains are remnants of an exhumed Permian-Triassic fold belt 71 
excavated along a passive continental margin from beneath 2–7 km of overburden at the 72 
time of Gondwana’s rifting, largely between 80 and 120 m.y. ago (Tinker et al. 2008a). 73 
We have studied the high-relief backbone of the mountain belt, which comprises 74 
predominantly resistant, thickly bedded, and well-cemented meta-sandstones and 75 
orthoquartzites of the Table Mountain (in particular, the Peninsula Formation) and 76 
Witteberg Groups (Fig. 1) forming sharply defined ridges with up to 1.5 km of local 77 
relief. Mountain peaks reach a maximum elevation of ~2.3 km and hillslopes are steep, 78 
often exceeding 30° (Fig. 1). Signs of mass wasting processes (e.g., scree or landslide 79 
deposits) are remarkably rare for such a steep landscape; moreover, thin soils on the 80 
hillslopes are matched in the canyons where steep bedrock rivers bear minimal sediment 81 
cover or storage. Gravel-laden, boulder-filled bedrock channels are characteristic of the 82 
foothills. To gain a representative picture of denudation, the study catchments were 83 
chosen across a ~200 km span and were distributed throughout the Swartberg Range (Fig. 84 
1D) and Langeberg Range (Fig. 1E) within the southern arm of the Cape Mountains. 85 
COSMOGENIC 10Be AND TOPOGRAPHIC ANALYSES 86 
Quartz-rich river sediment was sampled from ten catchments and used to 87 
determine catchment-averaged denudation rates within the mountains (catchments S3–13, 88 
Figures 1D and 1E). In the case of Tradouw River (catchment S4, Fig. 1E), the river 89 
sediment was supplemented with three bedrock samples taken from the quartzitic 90 
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interfluves of Tradouw Canyon (samples S15–18, Fig. 1E). Catchment-wide denudation 91 
rates and bedrock erosion rates were calculated from the re-normalized (07 KNSTD 92 
standard) 10Be concentrations using the formalism of Schaller et al. (2001). Hillslope 93 
angles and normalized channel steepness indices (ksn) were calculated for the entire Cape 94 
Mountains (Figs. 1A and 1B). To facilitate a comparison of orogens across different 95 
tectonic regimes, identical methods were used to compile published detrital 10Be data 96 
from 336 catchments spanning five well-studied orogenic and postorogenic settings (Fig. 97 
2), including their topographic metrics. In our analysis, we use ksn solely to illustrate the 98 
steepness of the Cape Mountains’ rivers in comparison to orogens globally. Full details of 99 
methods and data are provided in Appendices DR1 and DR2 in the Data Repository). 100 
LITHOLOGICAL CONTROL ON DENUDATION RATES 101 
Catchment-averaged denudation rates within the study area range between 2.32 ± 102 
0.29 m/m.y. and 7.95 ± 0.90 m/m.y., with a regional median denudation rate of ~5.2 103 
m/m.y. No significant spatial variation in catchment-averaged denudation rates is 104 
apparent within the study area (Fig. DR2). Analysis of bedrock samples indicates that the 105 
interfluvial slopes of Tradouw Canyon are eroding at an average of ~3.3 m/m.y., a rate 106 
similar to the catchment-averaged denudation rate for the canyon. The persistently low 107 
and spatially invariant denudation rates within the Cape Mountains effectively rule out 108 
the possibility of recent active tectonism in the area. Denudation rates scale closely with 109 
mean slope angle (Fig. 3; Fig. DR3) and do not demonstrate the transition to a nonlinear 110 
function that signals a landslide-prone threshold topography typical of rapidly uplifting 111 
orogens (Montgomery, 2001). The mean slope angles fall squarely across those of present 112 
day orogens: the Andes, Alps, and Tibet (Figs. 2B-2D); yet the Cape Mountains erode 113 
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~100 times more slowly. Indeed, they appear to be eroding even more slowly than 114 
catchments from other passive continental margin settings (Figs. 2E and 2F). 115 
The self-limiting combination of strong, chemically-resistant quartzites and steep 116 
slopes inhibit soil production. Where erosion rates dip below ~5 m/m.y., weathering 117 
processes are thought to overtake fluvial incision as the rate-limiting control on landscape 118 
development (Baldwin et al., 2003). Few weathering-limited landscapes have been 119 
studied in detail, but the erosional dynamics quantified in the Cape Mountains appear 120 
consistent with what Montgomery (2001) refers to as ‘lithology-controlled hillslopes’—121 
where rock uplift rate is sufficiently slow to be matched by the rate of hillslope lowering 122 
(and slopes do not exceed their stability threshold). We surmise the source of uplift in the 123 
Cape Mountains to be solely denudational isostatic response. The consistently low 124 
denudation rates, and close match between rates of catchment-scale erosion and 125 
interfluve lowering, leads us to propose that fluvial incision and hillslope lowering are 126 
approximately balanced at the mountain-belt scale; that is, the Cape Mountains represent 127 
a postorogenic case of topographic steady-state(Montgomery, 2001). We cannot exclude 128 
the possibility that relief is declining over the long term (106–108 yr), beyond the time 129 
scale integrated by cosmogenic nuclides, but even so, with 1–2 km of residual relief, we 130 
can deduce that topographic decay will be a very protracted process (Baldwin et al., 131 
2003). 132 
Contrary to modeling studies that predict a thickening sediment cover along 133 
valley floors to explain the persistence of postorogenic topography (Whipple and Tucker 134 
2002; Baldwin et al., 2003), the Cape Mountains feature predominantly bare bedrock 135 
channels whose notable steepness maintains transport capacity in excess of sediment 136 
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supply. The low sediment supply from hillslopes keeps channel beds in a largely 137 
detachment-limited condition, hence fluvial incision does not appear to be retarded by a 138 
thickening sediment cover, nor high critical thresholds of bed material entrainment, as 139 
predicted elsewhere (Baldwin et al., 2003). We propose that fluvial incision remains slow 140 
for quite the opposite reason: due to a deficient supply of erosional tools, a mechanism 141 
shown experimentally and in field studies (Sklar and Dietrich, 2001; Jansen et al., 2011). 142 
The potential influence of climate on the erosional dynamics of the Cape 143 
Mountains cannot be dismissed. However, it’s role is likely of a secondary nature, as 144 
indicated by the topography of the Cape Mountains which appears unaffected by the 145 
variation in mean annual precipitation from >1000 mm along parts of the coast to less 146 
than 300 mm inland (Fig. DR4). Furthermore, 10Be-derived denudation rates in the Cape 147 
Mountains are half those obtained for Namibian desert catchments (Fig. 2) despite the 148 
more subdued topography and drier climate of the latter. 149 
IMPLICATIONS FOR THE LANDSCAPE EVOLUTION OF SOUTHERN 150 
AFRICA 151 
Previous models propose two discrete Neogene uplift events, attributed to the 152 
mantle ‘superswell’ (Lithgow-Bertelloni and Silver, 1998), to explain the topography of 153 
southern Africa: a minor Miocene uplift of 150–300 m, ~20 m.y. ago, followed by major 154 
Pliocene uplift of 100–900 m, 5–3 m.y. ago (Partridge and Maud, 1987, 2000). 155 
These qualitative models have been strongly contested by a host of detailed 156 
chronometric studies dealing with km-scale denudation over 106–108 yr time scales, 157 
including apatite fission track analysis (AFTA) (Brown et al., 1990, 2002; Gallagher and 158 
Brown, 1999; Tinker et al., 2008a; Kounov et al., 2009), (U-Th)/He (Flowers and 159 
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Schoene, 2010), and offshore sediment basin analyses (Rust and Summerfield, 1990; 160 
McMillan, 2003; Tinker et al., 2008b). Such studies, which largely focused on the 161 
formation and evolution of the Great Escarpment, collectively show that the coastal plain 162 
of southern Africa was eroded predominantly during the mid-late Cretaceous at rates of 163 
60–160 m/m.y., decreasing to <20 m/m.y. by the late Cenozoic (Fig. 4). Until now, 164 
denudation studies using terrestrial cosmogenic nuclides have been limited to the 165 
Namibian passive-margin, and the inland escarpment and plateau of South Africa 166 
(Kounov et al., 2007; Codilean et al., 2012, and references therein; Decker et al., 2011), 167 
leaving the area spanned by the Cape Mountains as a knowledge gap in terms of 168 
erosional dynamics over mid-term timescales. 169 
The low denudation rates presented here agree broadly with the average 170 
denudation rate of 10–15 m/m.y. for the southern coast during the Cenozoic, as predicted 171 
by AFTA and offshore sedimentation analysis (Tinker et al. 2008b) (Fig. 4). Moreover, 172 
the close agreement between denudation rates integrating timescales of 103–106 y 173 
(cosmogenic nuclides) and 106-108 yr (AFTA) is a regional feature of southern Africa 174 
and may be an indication that relative tectonic stability has prevailed across southern 175 
Africa throughout the Cenozoic. We find no evidence of erosional flux to corroborate the 176 
regional uplift proposed by previous models (Partridge and Maud, 1987, 2000). 177 
SUMMARY 178 
The Cape Mountains serve as a cautionary reminder of the dangers of attempting 179 
to infer tectonics from topography without additional supporting evidence. The 180 
preservation of alpine-looking topography is chiefly a function of strong rocks and 181 
isostatic response, which have promoted a remarkably slow-paced weathering-limited 182 
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regime of denudation. Geochronological evidence indicates that this topography may 183 
have its origin in the end-Mesozoic. The Cape Mountains join a growing number of 184 
documented examples of long-lived postorogenic topography (Bishop and Brown, 1992; 185 
Matmon et al., 2003; Jansen et al., 2010; and references therein), in support of an 186 
emergent view that protracted topographic decay is inherent to Palaeozoic mountain belts 187 
worldwide. 188 
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Figure 1. Study area south of the Great Escarpment, southern Africa. A,B: Slope and 317 
normalized channel steepness index (ksn) maps produced using the 90 m Shuttle Radar 318 
Topography Mission (SRTM) data. C: Distribution of the resistant meta-sandstones and 319 
quartzites of the Table Mountain (TM) and Witteberg (W) Groups of the Cape 320 
Supergroup (after Vorster, 2001). D,E: Location of the 10 catchments sampled for 10Be. 321 
See text and Appendix DR1 (see footnote 1) for further details. 322 
 323 
Figure 2. Inter-quartile range (IRQ) box-plots comparing denudation rates, topographic 324 
metrics, and mean annual precipitation in the Cape Mountain (southern Africa) 325 
catchments with those of 336 catchments from present-day orogen and passive 326 
continental margin settings worldwide. A—Cape Mountains (this study); B—East Tibet 327 
(n = 51); C—Equatorial Andes (n = 72); D—European Alps (n = 94); E—Namibian 328 
Escarpment (n = 13); F—Appalachian Mountains, United States (n = 106). See Appendix 329 
DR2 (see footnote 1) for data and full details. 330 
 331 
Figure 3. 10Be denudation rate versus average catchment slope. Gray circles—global 10Be 332 
denudation rate data from Portenga and Bierman (2011); yellow circles—this study. Note 333 
how despite the alpine-like topography, the Cape Mountains of southern Africa exhibit 334 
some of the lowest denudation rates in the world. 335 
 336 
Figure 4. Average long-term onshore denudation and offshore sedimentation rates across 337 
southern Africa, determined by Apatite Fission Track Analysis (AFTA), (U-Th)/He, and 338 
sediment basin analyses. Black square indicates the 10Be-based denudation rates obtained 339 
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by this study. See Appendix DR3 (see footnote 1) for a summary of the compiled data 340 
and a complete list of references. JURA—Jurassic. 341 
 342 
1GSA Data Repository item 2013xxx, xxxxxxxx, is available online at 343 
www.geosociety.org/pubs/ft2013.htm, or on request from editing@geosociety.org or 344 
Documents Secretary, GSA, P.O. Box 9140, Boulder, CO 80301, USA 345 
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